A series of bis-BODIPYs 1-6 bridged via thiophene, furan, N-alkylcarbazole, triphenyl-amine, para-and meta-phenylene groups have been synthesized and characterized by various spectroscopic techniques.
Introduction
Covalently linked pairs of chromophores have been a matter of interest for the scientific community for a long time. Such chromophore dimers have been found in biology, for example, photosynthetic bacterial proteins and natural light harvesting antenna systems. [1] [2] [3] Numerous artificial fluorescent dyes have been used in biosciences for cell imaging and investigation of in vivo biological processes. The boron dipyrromethenes (BODIPYs) are a well-known class of highly emissive molecules and they have been found to be extremely useful for biological applications, e.g. biochemical labelling, [4] [5] [6] photosensitizers for PDT (Photo Dynamic Therapy) 7 and fluorescent probes. [8] [9] [10] The electronic and photophysical properties of BODIPYs can be fine-tuned for different applications by the structural modification of the boron-dipyrrin core or by making their dimers and oligomers. 11 Substitution at meso positions of the boron dipyrrin core with bulky electron rich heterocycles could produce large Stokes shifts of 100-120 nm. 12 β-β Linked dimers, meso-meso linked dimers and cofacial BODIPY dimers have been synthesised and studied. [13] [14] [15] Such artificial BODIPY dimers possess increased Stokes shifts, broad absorption and red shifted emission for efficient light harvesting ability for solar cell and biological applications. Recently Akkaya et al. have demonstrated that meso-meso and meso-beta linked BODIPY dimers can be used as singlet oxygen photosensitizers in nonpolar organic media. 16 Li and co-workers have synthesized β-β linked BODIPY dimers with triphenylsilylphenyl groups for increased solid state emission. 17 Bithiophene bridged BODIPY dimers have been prepared by Ziessel and coworkers with red shifted absorption and emission for future application as NIR fluorescent probes. 18 Interesting symmetry breaking ICT (intramolecular charge transfer) properties have been observed for p-phenylene bridged α-alkylated BODIPY dimers. 19 Nishihara and co-workers have reported p-diethynylphenyl bridged BODIPY dimers and meso-alkynyl BODIPY with red shifted emission maxima. 20 Liu et al. have synthesized triphenylamine BODIPY monomers, bridged dimers and trimers in a one pot reaction and their lasing properties in organic media were studied. 21 BODIPY dimers having bipyridine spacers with interesting ECL (electrogenerated chemiluminescence) properties have been reported by Bard and coworkers. 22 Benniston and co-workers have synthesized cofacial BODIPY dimers containing dibenzothiophene and dibenzofuran moieties; such dimers formed intramolecular excimers in emission studies. 23 Saki et al. have designed cofacial BODIPY dimers based on the xanthene scaffold with efficient energy transfer between the two boron dipyrrin units. 24 Reports on covalently linked BODIPY dimers are on the rise but still there is a need to study the photophysical properties of meso-phenylene and heterocycle bridged BODIPY dimers.
In this article we present the synthesis, crystal structures, photophysical and electrochemical properties of thiophene, furan, N-butyl carbazole, triphenylamine, p-and m-phenylene bridged bis-BODIPYs. Also, DFT studies were carried out for all six bis-BODIPYs and the HOMO-LUMO energy gap was calculated.
Results and discussion
The stepwise synthesis of bis-BODIPYs 1-6 is depicted in Schemes 1-3. The corresponding key precursors such as bisaromatic aldehydes were prepared by a Vilsmeier-Haack formylation reaction and bis-dipyrranes 7-12 were synthesized as per a reported procedure. 25 Terephthalaldehyde and isophthalaldehyde were condensed with pyrrole in the presence of a catalytic amount of indium chloride to form bis-dipyrranes 7 and 8 respectively (Scheme 1). Crude dipyrranes 7 and 8 were purified by silica gel column chromatography using a 1 : 2 : 4 mixture of ethyl acetate/dichloromethane/petroleum ether in 29% and 46% yields respectively. The corresponding bis-aldehydes for bis-dipyrranes 9 and 10 were prepared by a Vilsmeier-Haack formylation reaction as per a reported procedure 25 (ESI †). Bis-dipyrranes 9 and 10 were synthesized by the indium chloride method 25 followed by silica gel column purification in 55% and 41% yields respectively (Scheme 2).
The bis-dipyrranes 7-10 were oxidized by 2.4 equivalents of DDQ (2,3-dichloro-5,6-dicyano-1,4-benzoquinone) and the resulting bis-dipyrrins were then complexed with BF 3 ·OEt 2 by doubling the equivalents of reagents required for the standard BODIPY synthesis. 26 Silica gel column chromatographic purification afforded bis-BODIPYs 1-4 as solid powders in 8-33% yields (Schemes 1 and 2). In order to synthesize bis-BODIPYs 5 and 6, bis-formyl derivatives of thiophene and furan were prepared (Scheme 3) by dilithiation of thiophene and furan followed by the addition of dry DMF (N,N-dimethylformaldehyde). The bis-formylthiophene and furan were subjected to acid catalysed condensation with pyrrole to obtain the corresponding bis-dipyrranes 11 and 12. The crude bis-dipyrranes 11 and 12 were directly used further for the next step without any purification due to their instability under column conditions. The bis-dipyrranes 11 and 12 were reacted with DDQ followed by complexation with BF 3 ·OEt 2 in the presence of TEA (triethylamine, Scheme 3). Silica gel column chromatographic purification of the crude reaction mixture in a 60-70% dichloromethane/ petroleum ether mixture yielded 8% of bis-BODIPY 5 as a dark orange solid and 10% of bis-BODIPY 6 as a dark brown solid.
Bis-dipyrranes 7-10 were characterized by HRMS and 1 H NMR spectroscopy. Bis-BODIPYs 1-6 were characterized by HRMS, 1 H, 13 C, 19 F and 11 B spectroscopy (ESI †). Molecular ion peaks in HRMS spectra of bis-dipyrranes 7-10 and bisBODIPYs 1-6 confirmed the formation of these compounds (ESI †). Also, single crystal X-ray structures were solved for bisBODIPYs 1, 2 and 4. Typically in the 1 H NMR spectra of bisdipyrranes 7-10 the four N-H protons appeared around 7.8-7.9 ppm as one singlet. The four α-pyrrole protons showed up between 6.65-6.83 ppm, whereas eight β-pyrrole protons gave two separate signals around 5.92-6.14 ppm. The two protons attached to sp 3 hybridized carbon (C-H protons) appeared around 5.45-5.29 ppm as one singlet (ESI †). The appearance of characteristic signals for the aromatic protons present in bridging units also confirmed the formation of bisdipyrranes 7-10. The formation of bis-BODIPYs 1-6 was evident in their 1 H NMR spectra. The representative 1 H, 19 F and 11 B NMR spectra of bis-BODIPY 6 is presented in Fig. 1 .
Compared to the proton NMR spectra of their corresponding dipyrranes, two protons (C-H) attached to sp 3 hybridized carbon and four N-H protons were missing in all the bisBODIPYs 1-6. In the proton NMR spectra of bis-BODIPY 6 (Fig. 1a) all the eight β-pyrrole protons appeared as two doublets at 6.64 and 7.68 ppm and the four α-pyrrole protons appeared as a singlet at 7.99 ppm. The two β-furan protons showed up as a singlet at 7.32 ppm. As compared to the corresponding bis-dipyrranes 7-10, the four α-pyrrole proton signals were downfield shifted and appeared around 7. appeared around −145 ppm and only one 19 F signal was observed due to the symmetrical nature of the molecules (Fig. 1b) . 11 B NMR spectra of bis-BODIPYs 1-6 exhibited a triplet for 11 B between 0.18 and 0.36 ppm (Fig. 1c) .
Single crystal X-ray diffraction studies
The X-ray structures of bis-BODIPYs 1, 2 and 4 were determined. ORTEP views of bis-BODIPY 1, bis-BODIPY 2 and bis-BODIPY 4 are given in Fig. 2 . The single crystals of three bisBODIPYs were obtained by slow evaporation of the chloroform/ n-heptane solution over a period of two weeks. The crystal structure and data refinement parameters for 1, 2 and 4 are displayed in ESI ( All three units in bis-BODIPY 2 (two boron dipyrrin units and one phenylene unit) were aligned in different planes. The dihedral angle between C4-C5-C11-C10 was 52.01° (17) and that between C6-C5-C11-C12 was 54.11° (18) . This suggested that the inward angle was lower than the outward angle and thus the two boron-dipyrrin units are approaching closer to each other. The values of N-B-N and F-B-F angles were 105.54° (12) and 109.42°(12) respectively. Bis-BODIPY 4 (CCDC 1028232) gave orange needle shaped crystals. The crystals were again monoclinic type with C2/c space group. The values of N-B-N and F-B-F angles were 106.21° (15) and 109.53° (17) respectively. The dihedral angles between the boron dipyrrins units and the triphenylamine unit were 44.60°( 3) for C4-C5-C10-C11 and 45.50°(3) for C6-C5-C10-C15. These values were much lower than those of bis-BODIPYs 1 and 2. The N-B-N and F-B-F angles in all three bis-BODIPYs were very similar to the reported meso-aryl BODIPY monomer. All three bis-BODIPYs 1, 2 and 4 exhibited supramolecular interactions in their packing structures and the distances and angles of the interactions in the packing mode are presented in Table 1 . Bis-BODIPY 1 has formed a layered structure in a 3D framework through weak hydrogen bonding (C-H⋯F) and C-H⋯π interactions (Table 1) . In crystal packing, one layer was connected to the other via mutual C(2)-H (2)⋯π ( pyrrolic) and C(10)-H (10)⋯π ( pyrrolic) interactions (Fig. 3 ). In the packing (2) interactions (Fig. 4) . The metric parameters for the interactions in bis-BODIPYs 1 and 2 were C-H⋯π ( pyrrolic) distances 2.69 to 2.84 Å and C-H⋯π ( pyrrolic) angles 132.79°and 173.93°respectively (Table 1 ). In the crystal packing mode of bis-BODIPY 4, it formed a cluster of five molecules with the help of several intermolecular interactions (Fig. S37 , ESI †). It included weak π⋯π interactions, hydrogen bonding and C-H⋯π interactions. These clusters were connected through C(11)-H(11)⋯F(1) to form the 3D structure of bis-BODIPY 4.
Photophysical properties UV-vis absorption and fluorescence studies. The UV/vis absorption, fluorescence spectra and fluorescence lifetimes of bis-BODIPYs 1-6 were examined in five different solvents. The absorption spectra of compounds 1-6 are presented in Fig. 5 and photophysical properties are summarized in Table 2 . BisBODIPYs 1-4 showed a slight polarity dependence and exhibited a strong absorption band at around 500 nm with a shoulder at around 480 nm. The strong absorption at 500 nm is attributed to a strong S 0 -S 1 electronic transition and the shoulder band corresponds to the S 0 -S 1 vibrational transition. The broader and weaker band centred at 350 nm in bisBODIPYs 1-2 and around 380 nm in bis-BODIPYs 3-4 was assigned to the higher energy S 0 -S 2 electronic transition. The wavelength of the major absorption band in bis-BODIPYs 1-2 in toluene was comparable with that of the meso-phenyl BODIPY monomer. 28 Also, the absorption maxima changed slightly (2-8 nm) upon changing the solvent polarity from toluene to acetonitrile (ESI †), reflecting the typical behavior of BODIPY chromophores. 11 The wavelength of the major absorption band of bis-BODIPYs 3 and 4 was similar to the corresponding meso-carbazole BODIPY (497 nm) 12 and mesotriphenylamine substituted BODIPY (500 nm). 29 Bis-BODIPYs 5 and 6 exhibited a 17 nm red shifted absorption band with a reduced extinction coefficient as compared to the corresponding meso-thienyl-and meso-furyl-BODIPY monomers, 30, 31 shifted by 18 nm in the former. The fwhm abs (full width at half maxima of the major absorption band) of compounds 1-6 were calculated in different solvents (Table 2) . Solvent polarity affected the broadening of the absorption band. Thus fwhm abs values of bis-BODIPYs 1-6 appeared as lower in the non-polar solvent (toluene) and higher in polar solvents (acetonitrile and tetrahydrofuran) for our compounds. This trend was in agreement with the meso-aryl BODIPYs. Compared to bis-BODIPYs 1-4, bis-BODIPYs 5 and 6 showed more solvent polarity dependence. As the polarity of the solvent is increased, the absorption maxima were shifted to the blue region. Among all compounds, bis-BODIPY 6 showed significantly large fwhm abs values, which suggests that significant changes occurred in bond lengths/bond angles upon excitation. 32 A comparison of emission spectra of 1-5 is shown in Fig. 6 and solvatochromism data are given in Table 2 . The typical mirror-image relationship was observed for the lowest energy absorption band and emission spectra for bis-BODIPYs 1-5. The emission maxima for compounds 1 and 2 were blue shifted by 41 and 34 nm respectively as compared to that of meso-phenyl BODIPY (in chloroform). The fwhm em (full width at half maxima of the emission band) and quantum yields of compounds 1-6 were calculated in different solvents (Table 2) . Solvent polarity affected the broadening of the emission bands and typically fwhm em values were lower in the non-polar solvent (toluene) and higher in polar solvents for our compounds. The fluorescence quantum yields for bis-BODIPYs 1-2 were lower than those for meso-phenyl BODIPY (0.06 in toluene). 28 Usually the meso-aryl BODIPYs showed 10-15 nm Stokes shifts whereas these values were 26-33 nm for bisBODIPYs 1 and 2. In polar media red shifted emission maxima reflect larger dipoles of the CT excited states, which was in agreement with the report by N. Boens et al. 32 The fluorescence quantum yields for bis-BODIPY 3 and 4 were higher than those for the corresponding meso-carbazole-and meso-triphenylamine-BODIPY monomers. 12, 29 The Stokes shift values were highest for compound 4 among all the bis-BODIPYs 1-6. The emission maxima were red shifted for bis-BODIPYs 5 and 6 as compared to the corresponding meso-thienyl-and mesofuryl-BODIPY monomers. However, the quantum yields were lower for both bis-BODIPYs 5 and 6 as compared to their corresponding BODIPY monomers. 30, 31 Among all the bis-BODIPYs, compounds 3 and 4 showed higher quantum yields than 1-2 and 5-6. Higher quantum yield indicates the possibility of restricted rotation of the two boron-dipyrrin units in bis-BODIPYs 3 and 4 due to bulky spacers; it was supported by the fact that much lower rate con- stant values (k nr , see Table 2 ) were observed for non-radiative decay processes in these two compounds. The lower quantum yields for compounds 1, 2, 5 and 6 suggest that other nonradiative decay processes (such as internal conversion or intersystem crossing from S 1 to T 1 ) might be more feasible in these compounds. 27 Also, the quantum yields of bis-BODIPYs 5 and 6 being much lower than for other compounds could be associated with the electron donating ability of the heteroatom present in the bridging unit. 30 The quantum yields of bisBODIPYs 1-6 were higher in the non-polar solvent (toluene) and lower in polar solvents (tetrahydrofuran); this is due to the large dipole moment difference between the CT excited state and the ground state which in turn facilitates internal conversion in polar media. 32 The time-correlated single photon counting technique was used to measure the singlet state lifetimes τ of bis-BODIPYs 1-6. The fluorescence decay of compounds 1-4 was fitted to a single exponential decay (Fig. 7) . However, in the case of bis-BODIPYs 5 and 6, decay profiles fitted to three exponential decays (ESI †). The bridging phenylene unit is more rigid in bis-BODIPY 2 as compared to bis-BODIPY 1 (Table 2) , thus the non-radiative decay processes are less prominent in 2. It has been reported that the mesomesityl-BODIPY showed higher quantum yields and singlet state lifetimes than meso-phenyl BODIPY, because the hin- 
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This dered rotation of the bulky mesityl group leads to a drastic decrease in the internal conversion process. 27 Therefore, the quantum yields and singlet state lifetimes of bis-BODIPY 2 are higher than those of bis-BODIPY 1; this was again supported by the lower value of the non-radiative decay constant for 2 than 1 ( Table 2) . For bis-BODIPYs 1-4 singlet state lifetimes τ were lower than those for their corresponding BODIPY monomers. For example bis-BODIPY 3 has a lifetime of 1.9 ns in CHCl 3 , whereas meso-carbazole BODIPY has 3.37 ns in the same solvent. 12 The decrease in radiative decay constant k r and the increase in non-radiative decay constant k nr were in line with the quantum yield data.
Computational details
The ground state geometry optimization of molecules 1-6 was performed with density functional theory (DFT) at the B3LYP/ 6-31G(d) level, [33] [34] [35] using the Gaussian 09 program package. 36 Frequency calculations were performed to guarantee that the optimized geometries are at energy minima on the potential energy surface. The vertical excitation energies were calculated employing the time dependent density functional theory (TD-DFT) approach at the same functional and basis sets.
Comparison of geometrical parameters
It is imperative to compare the vital structural parameters obtained as a result of geometry optimization of molecules 1, 2 and 4 with the X-ray crystallography results (ESI †). To be more precise, the largest deviations in the bond lengths of molecules 1, 2 and 4 are 0.017 Å, 0.025 Å and 0.021 Å respectively. The deviations from the X-ray geometry are reflected from the bond angles of the molecules (1, 2 and 4) and are found to be 2.59°, 2.29°and 1.43°respectively. Moreover, the maximum deviations of the optimized dihedral angle in 1, 2 and 4 are 6.14°, 12.54°and 8.87°respectively. The computed results compare well with the experimental data, thereby providing reliable support for the use of the selected level of theory for structural and spectroscopic studies of the rest of the molecules.
Absorption studies
To gain detailed insights into the roots of absorption bands the singlet-singlet transitions of BODIPY molecules were simulated using the TD-DFT/B3LYP level of theory at the valence double-ζ 6-31G(d) basis set. The gas phase determined electronic spectra exhibit a number of absorption peaks, and the peaks with maximum wavelength absorption (λ max ) were selected for the comparison. The effect of solvent polarities has not been taken into account as is obvious from the experimental results. The ineffectiveness of the solvent polarity on λ max excludes any ground state intramolecular charge transfer (ICT) process of the molecules under consideration. 37 The lowest energy absorption maxima of molecules 1-6 are summarised in Table 3 . The λ max of 1, 2, 3 and 4 were observed at around 500 nm and for 5 and 6, the red-shifted bands at 522 and 539 nm respectively indicate a lower HOMO-LUMO gap, which is supported by DFT studies. The delocalization of frontier molecular orbitals (FMOs) of compounds 1-6 indicated a significant electronic conjugation between the boron dipyrrin units and the spacers. Interestingly the HOMO-LUMO gap for 6 (2.513 eV) is less than that of 1 (2.877 eV), 2 (3.040 eV), 3 (3.050 eV), 4 (2.812 eV) and 5 (2.770 eV). Though DFT produced HOMO-LUMO gaps do not directly corroborate the experimentally observed (UV-Vis) energy gap values, almost the same trend of band gap increment (3 > 2 > 1 > 4 > 5 > 6) is reflected. For bis-BODIPY 3, in spite of the highest HOMO energy level, the most destabilized LUMO resulted in its highest HOMO-LUMO gap. On the other hand, for bis-BODIPY 6, the destabilization of the LUMO is considerably lower because of approximately planar arrangement of the furan spacer increasing the level of effective conjugation, resulting in a HOMO-LUMO gap that is lower than the rest of molecules 1, 2, 3, 4 and 5.
The frontier molecular orbitals of molecules 1-6 are displayed in Fig. 8 . The distribution of HOMO and LUMO reflects the strong donor-acceptor interactions. In bis-BODIPYs 1, 2, 3 and 5, the HOMO was localized on the BODIPY moiety and the LUMO was shifted to the corresponding spacer groups. On the other hand in 4 and 6, the HOMO was localized on the spacer moieties whereas the LUMO was budged to the BODIPY Fig. 7 Fluorescence decay profiles of compounds 1-4 in chloroform. The excitation wavelength was 515 nm, collected at their respective emission maxima. ∈ is the molar extinction coefficient and F is the oscillator strength.
Paper Dalton Transactions moiety. The major absorption band in the electronic absorption spectra of molecules 1-6 is related to the BODIPY absorption which reflects that the origin of major absorption peaks is from HOMO energy levels. It can be seen that the TD-DFT calculations were in good agreement with the experimental results and unveil that the main transitions for 1, 2, 3, 4, 5 and 6 are from HOMO → LUMO, HOMO → LUMO+1, HOMO → LUMO+1, HOMO → LUMO, HOMO → LUMO and HOMO → LUMO+1 respectively.
Electrochemical studies
The cyclic voltammetry measurements of bis-BODIPYs 1-6 were carried out at a scan rate of 50 mV s −1 using tetrabutylammonium perchlorate (TBAP) as a supporting electrolyte. The redox potential data and a comparison of reduction waves are summarised in Table 4 and Fig. 9 respectively. All the bisBODIPYs showed only reduction peaks. Bis-BODIPY 1 showed two reduction peaks. The first reduction peak was chemically reversible at −0.49 V and the other one was chemically irreversible around −1.75 V. Bis-BODIPY 2 showed three reduction waves, two reversible and one irreversible. The reported meso-tolyl BODIPY monomer showed two reduction peaks at −0.788 and −1.81 V. As compared to the reduction potentials of meso-tolyl BODIPY, 31 the first reduction potential of both bis-BODIPYs 1 and 2 exhibited an anodic shift, i.e. they were much easier to reduce compared to the monomer meso-tolyl BODIPY. Bis-BODIPY 3 also showed two reduction waves. The first reduction potential of bis-BODIPY 3 was shifted towards the less negative side by 50 mV as compared to its corresponding monomer. 12 This reflects that compound 3 was much easier to reduce compared to the monomer. Bis-BODIPY 4 also showed two reduction waves with a reduction potential of −0.64 V and −1.36 V. BisBODIPYs 5 and 6 showed single reduction waves with a reduction potential of around −0.17 V. The reported first reduction potential for monomeric meso-furyl BODIPY was −0.66 V. 31 The electrochemical study of compounds 1-6
suggests that compared to their corresponding BODIPY monomers, the reduction potentials of 1-6 were low and they were very easy to reduce.
Conclusion
In conclusion, we have synthesized and characterized six borondipyrrins containing a bridging arene or heterocyclic ring. Their absorption, emission, electrochemical and time resolved florescence studies were carried out. Changing the spacer size from bulky carbazole to phenylene to smaller thiophene and furan rings affected the spectroscopic properties of bis-BODIPYs. The absorption and emission maxima were blue shifted for bisBODIPYs having bulky aromatic spacers and red shifted for bisBODIPYs having smaller thiophene/furan spacers. Also, the X-ray crystal structures of three bis-BODIPYs were solved. The reduced dihedral angle between the bridging ring and the dipyrrin core in all three crystal structures indicated better interactions between the two constituting boron dipyrrin units. Also, phenyl bridged bis-BODIPYs showed C-H⋯π (pyrrolic) and π⋯π interactions in 3D structures. DFT calculations showed the largest HOMO-LUMO gap for 3 and the lowest one for 6. Also, gas phase absorption maxima calculated for 1-6 were closer to the experimental values. The observed anodic shifts in the reduction potentials of all six bis-BODIPYs suggested increased electronic interactions between two boron dipyrrin units within the molecule. Also, as compared to their corresponding monomer BODIPYs all six bis-BODIPYs were easier to reduce.
Experimental

General methods and reagents
Unless otherwise mentioned, all the reagents and solvents were purchased from Aldrich, Acros Organics or Merck and used without further purification. Pyrrole was distilled under vacuum prior to use. Silica gel (60-120 mesh size) used for column chromatography were procured from Merck. The solution NMR spectra of the compounds were recorded with a Bruker Avance III 500 MHz NMR spectrometer at IIT Gandhinagar. Absorption spectra were recorded with a Shimadzu UV-1700 and fluorescence emission studies were performed using a Horiba-Jobin Yvon Fluorolog-3 spectrometer at IIT Gandhinagar. The fluorescence quantum yields (Φ f ) were estimated from the emission and absorption spectra by a comparative method at the excitation wavelength of 488 nm using Rhodamine B (Φ f = 0.49) in ethanol as the standard. The time-resolved fluorescence decay measurements were carried out at IIT Gandhinagar using a pico-second-diode-laser-based, The reaction mixture was allowed to stir at room temperature for 1 h. Triethylamine (6.1 mL, 80 eq.) followed by BF 3 ·Et 2 O (6.80 mL, 100 eq.) was added to the reaction mixture successively without any time delay. The stirring was continued at room temperature for an additional 30 min, the reaction mixture was evaporated and the crude product was purified by silica gel column chromatography and eluted with a ethyl acetate/dichloromethane/petroleum ether (5 : 15 : 80) mixture to afford bis-BODIPY 1 as an orange powder in 8% yield (20 mg .54 mmol) was dissolved in dichloromethane (75 mL) and oxidized with DDQ (297 mg, 1.3 mmol, 2.4 eq.) at RT under air. The reaction mixture was allowed to stir at room temperature for 1 h. Triethylamine (6.1 mL, 80 eq.) and BF 3 ·Et 2 O (6.8 mL, 100 eq.) were added to the reaction mixture without any time delay. The stirring was continued at room temperature for another 30 min; after this the reaction mixture was evaporated and the crude product was purified by silica gel column chromatography. The column was eluted with an ethyl acetate/ dichloromethane/petroleum ether (5 : 15 : 80) mixture to afford bis-BODIPY 2 as an orange powder in 20% yield (50 mg). 1 Bis-Dipyrrane 9 (200 mg, 0.39 mmol) was dissolved in dichloromethane (54 mL) and oxidized with DDQ (213 mg, 0.94 mmol, 2.4 eq.) at RT under air. The reaction mixture was allowed to stir at room temperature for 1 h. Triethylamine (4.3 mL, 80 eq.) followed by BF 3 ·Et 2 O (4.91 mL, 100 eq.) was added to the reaction mixture without any time delay. The stirring was continued at room temperature for an additional 30 min, the reaction mixture was evaporated and the crude product was purified by silica gel column chromatography and eluted with a dichloromethane/petroleum ether (80 : 20) mixture to afford bis-BODIPY 3 as an orange powder in 33% yield (80 mg). 1 m/z 584.2444. Synthesis of bis-BODIPY 4. Bis-dipyrrane 10 (500 mg, 0.94 mmol) was dissolved in 75 mL of dichloromethane and oxidised with DDQ (511 mg, 2.27 mmol, 2.4 eq.) at room temperature under air. The reaction mixture was allowed to stir at RT for 1 h. After 1 h triethylamine (10.4 mL, 75 mmol, 80 eq.) followed by BF 3 ·Et 2 O (8.13 mL, 94 mmol, 100 eq.) was added to the reaction mixture one by one without much time lag. The reaction mixture was allowed to stir at room temperature for 30 min; after this the solvent was evaporated and the crude product was purified by silica gel column chromatography. The desired compound bis-BODIPY 4 was eluted with an ethyl acetate/hexane (15 : 85) mixture in 30% yield (176 mg, reddish powder).
1 H NMR (500 MHz, CDCl 3 , δ ppm): 7.937 (s, 4H),
